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INTRODUCTION
While efforts to prevent global warming is called for action around the world, REDD+ (an effort to reduce greenhouse gas emissions from deforestation and forest degradation in developing countries ) has gained attention as one of mitigation measures. Measurement, reporting, and verification (MRV) is particular emphasized when implementing REDD+ projects. Moreover, for measurement and verification, combination of ground surveys and remote sensing technology is required for estimating biomass with high accuracy. Using LiDAR is acknowledged as a remote sensing technique to estimate amount of biomass. However, there are only few case studies using LiDAR to measure biomass of mangrove forests. The purposes of this study were (1) to estimate the biomass in the mangrove forests using satellite imagery and airborne LiDAR data in the South Sumatra state, Indonesia, and (2) to estimate the amount of carbon stock changes using biomass estimated.
STUDY AREA AND PILOT AREA
The study area is located in the coastal area of the South Sumatra state, Indonesia. This area is approximately 66,500 ha with mostly flat land features (Figure 1 ). And the pilot area of 2,100 ha was established within the study area.
Figure 1. Study area and pilot area
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DATA USED
The data used in this study are shown on Table 1 . Table 1 . The data used in this study
LiDAR Data
In February 2013, LiDAR data was acquired from the fixedwing aircraft using ALTM3100 from Optech, Inc. (Table 2 ). The average density of the LiDAR data was 1 point/m 2 . The airborne Lidar data of 17 courses were needed to covered the whole pilot area. 
Satellite Imagery
RapidEye imageries were used for classification of types of tree species in the study area. Chronological LANDSAT imageries were used for estimation of carbon stock changes.
Ground Survey Data
Ground surveys were conducted at total of 178 plots, which 134 plots were arranged systematically, and 44 plots were established in the area which had typical vegetation. Shape and size of plots were set as shown on Fig.2 , based on the Standardized Research Method of Indonesia. Within each plot, DBH (Diameter at Breast Height) were measured for tree species without stilt roots, and for species with stilt roots (ex. Rhizophora sp.), diameter at 1.3m from the bottom of the mangrove trunk were measured. Position of the plots were measured by DGPS (Differential GPS) using Pro6H (Reference station) and ProXRT (Mobile station) from Trimble Co., Ltd. 
METHODS
Step of the research is shown in Fig.3 . 
Classification of Types of Tree Species
Object-based image analysis was applied for classification of types of tree species. The following 8 types were set up as tree species, i.e. Major mangrove tree species of Rhizophora sp., Bruguiera sp. and Avicennia sp., widely distributed Melaleuca sp. and Nypa sp., and Grassland, Bare-land, Water. Rhizophora sp. and Bruguiera sp. were ecologically close species, and since the color pattern of the satellite imagery was also similar. As a reason, Rhizophora sp. and Bruguiera sp. were set up as 1 type, and were classified into 2 types for each density i. 
Estimation of Above Ground Biomass by Ground Survey
Allometric equations were applied to calculate the biomass stock of each plot.
Major mangrove tree species of Rhizophora sp., Bruguiera sp. and Avicennia sp. applied to the following equation, which proposed by Cheva (2005) 
Correlation Analysis of Above Ground Biomass and Spatial Volume
The correlation of the spatial volume based on Lidar data and the above ground biomass based on ground survey was analysed according to types of tree species.
Airborne Lidar data can be divided to Digital Surface Model (DSM) and Digital Elevation Model (DEM). By product-sum operation of the difference of DSM and DEM (m) and plot area of Type C (i.e. Circle with a radius of 14m), the spatial volume (m 3 ) of forest was calculated. Correlation analysis were conducted at 110 plots which were dominated by Rhizophora sp. + Bruguiera sp., Avicennia sp., Melaleuca sp. or Nypa sp. among 170 plots ground survey conducted (Table3 ). Table 3 . Ground survey data
Estimation of Total Biomass Stock and Carbon Stock
Total biomass stock of study area was estimated by conversion formula from the spatial volume to above ground biomass and area of types of tree species.
The below-ground biomass was calculated using the following equation shown in IPCC GPG for LULUCF (2003):
where BGB =Below Ground Biomass (tdm/ha) AGB = Above Ground Biomass (tdm/ha) Then, a carbon stock was calculated by multiplying the total biomass by 0.5. Furthermore, a carbon stock factor was calculated by dividing the carbon stock by the area of each type of tree species.
Estimation of Carbon Stock Change
Carbon stock change of study area was estimated based on the product-sum operation of a carbon stock factor and area of types of tree species which it estimated by chronological LANDSAT satellite imagery.
RESULTS AND DISCUSSION

Classification of Types of Tree Species
The result of classification of types of tree species using RapidEye imagery is shown in Fig.4 . Area from the coastline to about 2000m inland was covered with mangrove forests. This area was dominated in order of Avicennia sp. , Rhizophora sp. + Bruguiera sp. from the coastline. In the inland area, communities of Nypa sp. were distributed along the river, and Melaleuca sp. and Grassland were widely distributed in the other area. 
Estimation of Above Ground Biomass by Ground Survey
The amount of AGB of each plot which was calculated by allometric equations and ground survey data is shown in Fig.6 . It was found that AGB of mangrove forests is relatively large.
Correlation Analysis of Above Ground Biomass and Spatial Volume
Distribution of spatial volume based on LiDAR data is shown in Fig.5 . It was found that spatial volume of mangrove area was larger than other area. The result of correlation analysis of above ground biomass and spatial volume is shown in Fig.6 , and the conversion equations from spatial volume to AGB are shown in Table 4 .
In all types of tree species, direct proportional relationship between spatial volume and AGB were confirmed. Moreover, in all types of tree species, the correlation coefficient were high i.e. Rhizophora sp. + Bruguiera sp. is 0.802, Avicennia sp. is 0.851, Melaleuca sp. is 0.708 and Nypa sp. is 0.721.
Around 200t/ha has been reported as the upper limit of estimating AGB using backscattering coefficient of SAR. However, the method used in this research has no upper limit. Thus, the result showed that spatial volume analysis can be applied to high biomass area.
On the other hand, the slope of the regression equation differed greatly between the types of tree species. To increase the accuracy of the spatial volume method, it would require appropriate classification of types of tree species using satellite imagery. Figure 6 . The result of correlation analysis Table 4 . Conversion equations
Calculation of Carbon Stock factor
Total biomass including BGB in the pilot area were estimated at 220,223 t d.m.. The carbon stock factor was calculated from total biomass and the area of each type of tree species (Table 5) . Table 5 . Carbon stock factor
Estimation of Carbon Stock Change
The result of classification of types of tree species, based on carbon stock factor and chronological satellite imageries, was used to calculate the changes of carbon stock over the years. The carbon stock has rapidly decreased about 1.25 million t-C from 1989 to 2000 due to development of aquaculture ponds. Since 2000, Rhizophora sp.+Bruguiera sp.in northern area, which once became bare land due to aquaculture pond development, gradually recovered, and carbon stock has gradually increased. However, carbon stock of 2012 is still about 825,000 t-C below 1989 level ( Fig.7 and Table6). combining airborne LiDAR data with satellite imagery is one of the effective methods of monitoring for REDD+ projects.
